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Objectives. We examined associations between obesity, diabetes, and 3 adverse
pregnancy outcomes—primary cesarean delivery, preterm birth, and low birth-
weight (LBW)—by racial/ethnic group. Our goal was to better understand how
these associations differentially impact birth outcomes by group in order to
develop more focused interventions.

Methods. Data were collected from the 1999, 2000, and 2001 New York City
birth files for 329988 singleton births containing information on prepregnancy
weight and prenatal weight gain. Separate logistic regressions for 4 racial/ethnic
groups predicted the adverse pregnancy outcomes associated with diabetes.
Other variables in the regressions included obesity, excess weight gain, hyper-
tension, preeclampsia, and substance use during pregnancy (e.g., smoking).

Results. Chronic and gestational diabetes were significant risks for a primary
cesarean and for preterm birth in all women. Diabetes as a risk for LBW varied
by group. For example, whereas chronic diabetes increased the risk for LBW
among Asians, Hispanics, and Whites (adjusted odds ratios=2.28, 1.69, and 1.59),
respectively, it was not a significant predictor of LBW among Blacks.

Conclusions. In this large, population-based study, obesity and diabetes were
independently associated with adverse pregnancy outcomes, highlighting the
need for women to undergo lifestyle changes to help them control their weight
during the childbearing years and beyond. (Am J Public Health. 2005;95:
1544–1551. doi:10.2105/AJPH.2005.065680)
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dent risk factor for a longer, more difficult de-
livery and for a cesarean delivery.20,21 Al-
though obesity is associated with an increased
risk of large-for-gestational age and macro-
somic infants, obese women also have an in-
creased risk of hypertensive disorders, includ-
ing preeclampsia, which may be associated
with low birthweight (LBW).22 For these rea-
sons, the role of prepregnancy weight and
pregnancy weight gain, both in terms of their
relation to these medical risks and as indepen-
dent predictors of pregnancy and birth out-
comes, are increasingly being examined.8,19–23

Furthermore, 1 researcher has suggested that
maternal obesity and diabetes may act “syner-
gistically” to increase the risk of noncongenital
defects in newborns.9

In pregnancy, gestational diabetes is often
preexisting type 2 diabetes that has not
been diagnosed.4 The Fourth International
Workshop-Conference on Gestational Dia-
betes and the American College of Obstetri-

cians and Gynecologists have recommended
that women of Hispanic, African, Native
American, South or East Asian, Pacific Island,
or Indigenous Australian ancestry, who are
at higher risk for gestational diabetes, be
screened for diabetes.24 In a large prospective
trial in Canada, Naylor et al.25 identified
Asian race as a risk factor for gestational dia-
betes. For the United States, Solomon et al.26

found that the risk of gestational diabetes was
increased among non-White women in the
Nurses’ Health Study Cohort II.

Given that rates of obesity and diabetes
are higher among some racial and ethnic
subgroups, particularly among Black women
in the United States,27 several analyses have
examined the independent effects of obesity
and diabetes and adverse birth outcomes by
race. Saldana et al.28 found a significant in-
teraction between glucose status and race,
so their analyses were stratified by race look-
ing at Black and White mothers separately.

The prevalence of diabetes among American
women continues to increase,1,2 with Blacks
and Hispanics more likely to be affected than
non-Hispanic Whites.3 Diabetes is the most
common medical complication of pregnancy.4

In the United States in 2002, 131027 births
included diabetes as a medical risk factor,
translating to a rate of 32.8 per 1000 live
births.5 Because diabetes in pregnancy—both
pregestational and gestational diabetes—can
affect the mother and the infant, increases in
the prevalence of diabetes among women of
reproductive age is a public health concern.6

The associations between pregestational
and gestational diabetes, adverse pregnancy
and birth outcomes, and race have been well
established in the literature. Pregnant women
with pregestational type 1 and type 2 dia-
betes are more likely to have cesarean deliv-
eries, macrosomic infants, fetal congenital
malformations, and preterm deliveries.7–9

Gestational diabetes has also been associated
with adverse birth outcomes, including pre-
term birth, macrosomia and related shoulder
dystocia, and cesarean deliveries.10–15 Al-
though both pregestational and gestational
diabetes are strongly associated with higher
birthweights, in the presence of vascular dis-
ease associated with diabetes, birthweight
may be restricted.4 Women with gestational
diabetes have a 20% to 50% chance of de-
veloping type 2 diabetes in the next 5 to 10
years, and their offspring are at increased
risk of developing diabetes and obesity
later in life.3,16,17

Obesity is a major contributing factor to the
2 most common medical risks in pregnancy:
diabetes and hypertension. The incidence of
hypertension and preeclampsia is increased in
pregnant women with pregestational diabetes
and is related to both underlying vascular dis-
ease and pregestational hypertension.18,19 Obe-
sity has also been shown to be an indepen-
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There is also evidence that the obesity-re-
lated risks during pregnancy vary by race/
ethnicity, with obese Hispanic and Black
women more likely to have adverse out-
comes than obese White women.29 Prior re-
search has found racial differentials in the ef-
fects of impaired glucose tolerance and
glucose levels on birth outcomes, with these
conditions leading to higher levels of macro-
somic babies among Black women but not
among White women.28,30,31

The present analysis builds on previously
published literature by using a large,
population-based data set of births to the
diverse population of women in New York,
NY. The data set allows ample statistical
power to conduct separate analyses examin-
ing the associations between diabetes, obe-
sity, and 3 adverse pregnancy and birth
outcomes—primary cesarean delivery, pre-
term birth, and LBW—in women of 4 differ-
ent racial and ethnic subgroups. By conduct-
ing an analysis in this way, we were able to
separate subgroup disparities in the preva-
lence of diabetes and associated risk factors
(including obesity and hypertensive disorders)
from the disproportionate impact these risk
factors may have on the adverse pregnancy
and birth outcomes of interest.

METHODS

Population
The data source was a combined New

York City birth file for 1999, 2000, and
2001 (birth certificate data obtained from
the New York City Department of Health and
Mental Hygiene, Office of Vital Statistics). We
restricted the analysis to the 329988 live
singleton births whose certificates included
information on maternal prepregnancy
weight and maternal weight gain during
pregnancy (from a total of 373325 live
births for the 3-year period; some were mul-
tiple births, and 9.2% were missing the
weight data).

Definition of Variables
The birth file contains 2 separate variables

for diabetes—1 for chronic or overt diabetes
(not specified as either type 1 or type 2) and
1 for gestational diabetes. It also contains 2
separate variables for hypertension (other

than preeclampsia and eclampsia)—1 for
chronic hypertension and 1 for pregnancy-
induced hypertension. For this analysis, the 2
separate categories of diabetes and the 2 sep-
arate categories of hypertension were main-
tained. Maternal diabetes was divided into
pregestational diabetes (including types 1 and
2) and gestational diabetes (including both
diet- and insulin-treated subjects). Our ration-
ale is that chronic diabetes has been shown to
have a greater negative impact on pregnancy
outcome than gestational diabetes.4 When
the file indicated that a woman had both the
chronic and the pregnancy-related form of di-
abetes or hypertension, she was recoded to
have only the chronic form. Preeclampsia
(6981 cases) and eclampsia (228 cases) ap-
pear as separate variables on the birth file.
Because eclampsia is a manifestation of very
severe preeclampsia related to access to care
rather than the risk factors discussed here,
women diagnosed with eclampsia were ex-
cluded from the analysis. We accepted the
diagnoses of all these conditions as deter-
mined by the physician completing the birth
certificate, assuming that standard American
College of Obstetrics and Gynecology defini-
tions were used.

Because the birth file does not contain
data on the mother’s height, we could not
compute body mass index; instead, we used
the mother’s prepregnancy weight as the
measure of overweight and obesity. After
constructing 5 categories of prepregnancy
weight, we considered the women in the
top 2 groups, 200 to 299 pounds (91 to
135 kg) and 300 pounds (136 kg) or more
as overweight or obese. For a woman whose
height is 5 feet 10 inches, a weight of 200
pounds corresponds to a body mass index of
29 kg/m2, and a weight of 300 pounds cor-
responds to a body mass index of 43 kg/m2.
In all the logistic regressions, the modal
group of women with prepregnancy weights
of 100 to 149 pounds were chosen as the
reference group (n=211288). Excess weight
gain was defined as 41 pounds (18 kg) or
more, which is higher than the maximal
weight gain of 40 pounds recommended for
any group by the Institute of Medicine.32

The 3 outcome variables for the analysis
were primary cesarean delivery, preterm birth
(delivery before 37 weeks of gestation), and

LBW (2500 grams or less). The analysis was
limited to primary cesareans to avoid the
complicating effect of a prior cesarean on the
current delivery.

Sociodemographic variables were included
in the analysis to control for potential con-
founding. These variables were mother’s age
(<20, 20 to 34, and >34), marital status,
mother’s education, mother’s birthplace (US
or foreign-born), prenatal care payer (e.g.,
Medicaid), social risk (smoking, alcohol, and
illegal drug use), parity, and the trimester in
which prenatal care began. Mother’s age is an
important confounder because both teenagers
and women older than 35 years are more
prone to develop preeclampsia. Additionally,
because preeclampsia occurs most often in
nulliparous women, parity is another impor-
tant confounder.22

The 4 racial/ethnic groups created from
the birth file were non-Hispanic Black (Black),
non-Hispanic White (White), non-Hispanic
Asian (Asian), and Hispanic.

Analysis
The bivariate associations between race/

ethnicity and the key variables were first eval-
uated using analysis of variance (ANOVA) and
χ2 tests. In addition to their direct influences
on pregnancy outcomes, obesity and diabetes
indirectly affect pregnancy outcomes through
their causal relation with preeclampsia; there-
fore, regression models predicting preeclamp-
sia were tested next. These models evaluated
the contributions of weight, weight gain, dia-
betes, and hypertension to preeclampsia in
logistic regressions for each racial/ethnic
group. The incidence of preeclampsia and hy-
pertension is known to be increased in preg-
nant women with diabetes because of both
pregestational hypertension and underlying
vascular disease.4 Furthermore, worsening
hypertension and preeclampsia is often the
mediating event that forces preterm delivery
in diabetic women.4,22 Multiple logistic regres-
sions were then tested for the total population
and within each racial/ethnic group for 3 ad-
verse pregnancy outcomes—primary cesarean
delivery, preterm birth, and LBW—with each
regression including preeclampsia as a risk
factor.

The data analysis was completed with SPSS
9.0 for Windows (SPSS Inc, Chicago, Ill).



September 2005, Vol 95, No. 9 | American Journal of Public Health Rosenberg et al. | Peer Reviewed | Research and Practice | 1547

 RESEARCH AND PRACTICE 

TABLE 1—Risk Factors and Pregnancy Outcomes, by Race/Ethnicity: New York, NY,
1999–2001

Non-Hispanic Non-Hispanic Non-Hispanic
Blacks Whites Asians Hispanics Total 

(n = 86 908) (n = 96 581) (n = 38 570) (n = 107 612) (n = 329 988)

Mean age, y*** 27.5 30.6 29.7 26.4 28.3

Prepregnancy weight, %***

< 100 lb 1.7 1.8 8.1 2.9 2.9

100–149 lb 49.1 69.5 79.5 65.6 64.0

150–199 lb 37.5 24.0 11.6 26.2 26.8

200–299 lb 11.2 4.7 0.8 5.1 6.1

≥ 300 lb 0.5 0.1 0.0 0.1 0.2

Weight gain, %***

< 41 lb 79.7 83.2 89.2 79.1 81.6

≥ 41 lb 20.3 16.8 10.8 20.9 18.4

Chronic diabetes, %*** 0.4 0.3 0.4 0.3 0.3

Gestational diabetes, %*** 3.7 2.6 6.6 3.5 3.7

Chronic hypertension, %*** 1.7 0.6 0.5 0.7 0.9

Pregnancy hypertension, %*** 1.9 1.2 0.7 1.4 1.4

Preeclampsia, %a*** 2.9 1.3 1.2 2.6 2.1

Primary cesarean, %b*** 16.2 14.7 14.4 13.8 14.7

Preterm birth, %*** 10.5 5.1 5.9 7.8 7.5

Low birthweight, %*** 9.7 4.1 5.7 6.1 6.4

a Women with eclampsia were excluded.
b Women with previous cesareans were excluded.
*P < .05; **P < .01; ***P < .001; for analysis of variance or χ2 test comparing racial/ethnic groups.

RESULTS

Table 1 shows that the prevalence of all the
key risk factors and pregnancy outcomes var-
ied significantly by race/ethnicity (by ANOVA
and χ2 tests). White women and Asian women
were the oldest, with mean ages of 30.6 and
29.7 years, respectively. Black women were
significantly more likely to be in the 2 heavi-
est weight categories than in other subgroups:
close to 12% of the Black women had a
prepregnancy weight of 200 pounds or more
compared with 5.2% of Hispanics, 4.8% of
Whites, and less than 1% of Asians. Black
women and Hispanic women were also more
likely to have excess weight gain during preg-
nancy than women in the other 2 groups.

The prevalence of chronic diabetes ranged
from 0.3% to 0.4% across all 4 groups.
There was considerably more variation in the
rates of gestational diabetes. Although 2.6%
of White women developed gestational dia-
betes, 6.6% of the Asian women developed
the same condition. Black women had the

highest rates of both chronic hypertension
(1.7%) and pregnancy-induced hypertension
(1.9%). The remaining subgroups had less
than 1% prevalence of chronic hypertension.
Hispanics and Whites had the next highest
percentages of pregnancy-induced hyperten-
sion at 1.4% and 1.2%, respectively.

The racial/ethnic differences in the preva-
lence of preeclampsia are important to under-
stand as predictors of the 3 adverse outcomes:
Blacks (2.9%) and Hispanics (2.6%) had
much higher rates of preeclampsia than other
women. Their rates were more than twice the
rates of Whites and Asians. For the 3 outcome
variables, Black women had the highest per-
centages of primary cesareans (16.2%), pre-
term births (10.5%), and LBW (9.7%).

Preeclampsia by Racial/Ethnic Group
Table 2 shows that in multivariate logistic

regressions predicting preeclampsia for each of
the racial/ethnic groups and for the total, as
well as for prepregnancy weight, weight gain,
diabetes, and hypertension, all had significant

adjusted odds ratios (AORs). (Full results from
this analysis and all others discussed in the ar-
ticle are available from the authors.) Obesity
contributed the most to preeclampsia for
White women (AOR=2.67 and AOR=3.36
for the 2 highest weight groups) compared
with other women, whereas excess weight gain
was a more important predictor of preeclamp-
sia for Asians (AOR=1.96) than for other
women. The risk for preeclampsia increased as
weight increased for women of all racial/ethnic
subgroups and was highest for the heaviest
group. Chronic diabetes among White women
was a much stronger risk factor for preeclamp-
sia (AOR=5.31) than it was for other women.
And, finally, for Asian women with either
chronic hypertension or pregnancy-induced
hypertension (AOR=17.58 and AOR=18.11,
respectively), these factors conferred more
serious risks than for other women. In brief,
for all racial/ethnic groups, either chronic or
pregnancy-induced hypertension was the
strongest predictor of preeclampsia.

Models for 3 Adverse Outcomes in the
Total Population

Table 3 provides data from models predict-
ing 3 adverse outcomes in the total popula-
tion before considering the race-stratified
models. This table provides AORs and confi-
dence intervals (CIs) for the most important
risk factors in the analysis, the weight vari-
ables, the diabetes variables, and the hyper-
tension variables.

With the exception of the lowest weight
group, all the other risk factors significantly
increased the likelihood of a primary cesarean
delivery. The heaviest women were the most
at risk for a primary cesarean (AOR=2.59).
Women with chronic diabetes and women
with preeclampsia were also more than twice
as likely to have a primary cesarean as were
women without these conditions (AOR=2.37
and AOR=2.50, respectively).

For the total population, preeclampsia pre-
sented the greatest risk of a preterm birth
(AOR=5.07). Chronic diabetes and chronic
hypertension were also significantly and posi-
tively related to the risk of a preterm birth
(AOR=2.54 and AOR=2.34). In comparison
with the other adverse outcomes, being un-
derweight increased the likelihood of a pre-
term birth, whereas being in the heavier
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TABLE 2—Association of Preeclampsia with Prepregnancy Weight, Prenatal Weight Gain,
Diabetes, and Hypertension by Race/Ethnicitya

Non-Hispanic Blacks Non-Hispanic Whites Non-Hispanic Asians Hispanics Total 
(n = 86 908), (n = 96 581), (n = 38 570), (n = 107 612), (n = 329 988),
AOR (95% CI) AOR (95% CI) AOR (95% CI) AOR (95% CI) AOR (95% CI)

Prepregnancy weight, lb

< 100 0.64 (0.41, 0.99)* 0.57 (0.29, 1.11) 0.63 (0.40, 1.00)* 0.90 (0.71, 1.14) 0.71 (0.59, 0.85)***

100–149 Reference Reference Reference Reference Reference

150–199 1.42 (1.29, 1.56)*** 1.69 (1.49, 1.92)*** 1.58 (1.22, 2.04)*** 1.23 (1.12, 1.34)*** 1.47 (1.39, 1.55)***

200–299 1.76 (1.56, 2.00)*** 2.67 (2.20, 3.24)*** 2.71 (1.40, 5.25)** 1.59 (1.37, 1.86)*** 1.98 (1.82, 2.15)***

≥ 300b 2.66 (1.80, 3.92)*** 3.36 (1.39, 8.14)** . . . 2.02 (1.01, 4.03)* 2.78 (2.03, 3.81)***

Weight gain, lb

< 41 Reference Reference Reference Reference Reference

≥ 41 1.44 (1.31, 1.58)*** 1.65 (1.45, 1.88)*** 1.96 (1.53, 2.50)*** 1.47 (1.35, 1.60)*** 1.54 (1.46, 1.63)***

Chronic diabetes 2.46 (1.71, 3.55)*** 5.31 (3.36, 8.39)*** 1.22 (0.45, 3.28) 2.58 (1.74, 3.82)*** 2.77 (2.22, 3.47)***

Gestational diabetes 1.40 (1.18, 1.66)*** 1.15 (0.86, 1.53) 1.00 (0.71, 1.41) 1.67 (1.42, 1.97)*** 1.41 (1.27, 1.56)***

Chronic hypertension 8.11 (6.96, 9.46)*** 8.82 (6.70, 11.60)*** 17.58 (11.70, 26.42)*** 8.57 (7.00, 10.49)*** 8.97 (8.06, 9.99)***

Pregnancy hypertension 11.70 (10.29, 13.32)*** 11.51 (9.58, 13.83)*** 18.11 (12.60, 26.02)*** 6.66 (5.74, 7.74)*** 10.18 (9.37, 11.07)***

Note. AOR = adjusted odds ratio; CI = confidence interval.
aWomen with eclampsia were excluded. Logistic regressions adjusted for maternal age (< 20, 20–34, > 34 years), marital status, mother’s education, mother’s birthplace, prenatal care payer, social
risk (smoking, drinking, or substance abuse), parity, and trimester prenatal care began.
bFor Asians this group was merged with the 200-to-299 group because of small numbers (3 individuals).
*P < .05; **P < .01; ***P < .001.

TABLE 3—Associations Between Prepregnancy Weight, Prenatal Weight Gain, Diabetes,
Hypertension, Preeclampsia, and 3 Adverse Pregnancy Outcomes for All Women
(n=329988)a

Primary Cesarean, Preterm Birth, Low Birthweight,
AOR (95% CI) AOR (95% CI) AOR (95% CI)

Prepregnancy weight, lb

< 100 0.96 (0.91, 1.03) 1.23 (1.14, 1.32)*** 1.85 (1.73, 1.98)***

100–149 Reference Reference Reference

150–199 1.32 (1.29, 1.36)*** 1.02 (0.99, 1.05) 0.86 (0.83, 0.89)***

200–299 1.89 (1.81, 1.97)*** 0.97 (0.91, 1.02) 0.77 (0.73, 0.82)***

≥ 300b 2.59 (2.13, 3.15)*** 0.88 (0.67, 1.15) 0.66 (0.48, 0.90)**

Weight gain, lb

< 41 Reference Reference Reference

≥ 41 1.38 (1.34, 1.41)*** 0.54 (0.52, 0.57)*** 0.41 (0.39, 0.43)***

Chronic diabetes 2.37 (2.05, 2.75)*** 2.54 (2.18, 2.95)*** 1.59 (1.32, 1.91)***

Gestational diabetes 1.47 (1.40, 1.55)*** 1.28 (1.20, 1.36)*** 0.88 (0.82, 0.96)**

Chronic hypertension 1.57 (1.43, 1.73)*** 2.34 (2.12, 2.57)*** 2.68 (2.42, 2.96)***

Pregnancy hypertension 1.35 (1.25, 1.46)*** 1.82 (1.67, 1.98)*** 2.06 (1.89, 2.25)***

Preeclampsiac 2.50 (2.36, 2.65)*** 5.07 (4.79, 5.36)*** 5.94 (5.61, 6.30)***

Note. AOR = adjusted odds ratio; CI = confidence interval.
aLogistic regression adjusted for maternal age (< 20, 20–34, > 34 years), marital status, mother’s education, mother’s
birthplace, prenatal care payer, social risk, parity, and trimester prenatal care began.
bFor Asians this group was merged with the 200-to-299 group because of small numbers (3 individuals).
c Women with eclampsia were excluded.
*P < .05; **P < .01; ***P < .001.

weight categories was not significantly related
to this adverse outcome. Excess weight gain,
in fact, protected against a preterm birth
(AOR=0.54).

Finally, all the major covariates were signif-
icantly related to LBW, although in differing
directions. The hypertensive variables were
the strongest contributors to an increased
likelihood of an LBW infant. For chronic hy-
pertension, pregnancy-induced hypertension,
and preeclampsia, the increased risk was 2 to
5 times what it was in women without these
conditions (AOR=2.68, AOR=2.06, and
AOR=5.94, respectively).

The negative associations of prepregnancy
overweight, obesity, and excessive prenatal
weight gain in the preterm and LBW regres-
sions need to be considered in light of their
positive association with macrosomia. Obese
women were at an increased risk for a macro-
somic infant, defined here as one weighing
4000 g or more. In our population, although
6.6% of women with a prepregnancy weight
of 100 to 149 lb had a macrosomic infant,
16.4% of those in the 200- to 299-lb group,
and 20.6% of those in the 300-lb-and-over
group had a macrosomic infant.
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TABLE 4—Summary of Associations Between Chronic and Gestational Diabetes and 3 Adverse Pregnancy Outcomes 
by Race/Ethnicitya

Non-Hispanic Blacks Non-Hispanic Whites Non-Hispanic Asians Hispanics Total 
(n = 86 908), (n = 96 581), (n = 38 570), (n = 107 612), (n = 329 988),
AOR (95% CI) AOR (95% CI) AOR (95% CI) AOR (95% CI) AOR (95% CI)

Primary cesarean

Chronic diabetes 2.04 (1.66, 2.52)*** 2.22 (1.61, 3.07)*** 2.00 (1.32, 3.02)*** 2.86 (2.17, 3.76)*** 2.37 (2.05, 2.75)***

Gestational diabetes 1.55 (1.44, 1.68)*** 1.23 (1.09, 1.38)*** 1.52 (1.35, 1.70)*** 1.54 (1.40, 1.69)*** 1.47 (1.40, 1.55)***

Preterm birth 

Chronic diabetes 1.99 (1.54, 2.57)*** 2.46 (1.72, 3.53)*** 2.23 (1.40, 3.53)*** 3.43 (2.68, 4.42)*** 2.54 (2.18, 2.95)***

Gestational diabetes 1.31 (1.17, 1.46)*** 1.20 (1.02, 1.41)* 1.34 (1.15, 1.56)*** 1.25 (1.12, 1.40)*** 1.28 (1.20, 1.36)***

Low birthweight

Chronic diabetes 1.33 (0.99, 1.79) 1.59 (1.01, 2.50)* 2.28 (1.42, 3.68)*** 1.69 (1.21, 2.35)** 1.59 (1.32, 1.91)***

Gestational diabetes 0.81 (0.70, 0.92)** 1.06 (0.87, 1.28) 1.17 (0.99, 1.39) .71 (.61, .84)*** .88 (.82, .96)**

Note. AOR = adjusted odds ratio; CI = confidence interval.
aLogistic regressions adjusted for maternal age (< 20, 20–34, > 34 years), marital status, mother’s education, mother’s birthplace, prenatal care payer, social risk, parity, time trimester prenatal care
began, as well as prepregnancy weight, prenatal weight gain, chronic hypertension, pregnancy-induced hypertension, and preeclampsia.
*P < .05; **P < .01; ***P < .001.

Significant differences in rates of macroso-
mia also were found by racial/ethnic sub-
group: 10.5% for non-Hispanic Whites, 8.9%
for Hispanics, 7.2% for non-Hispanic Blacks,
and 5.5% for Asians (P<.001).

Primary Cesarean by Racial/Ethnic Group
Summary results from the logistic regres-

sions predicting a primary cesarean by race/
ethnicity appear in Table 4. For all the
groups, chronic diabetes and gestational dia-
betes were significant risk factors for a pri-
mary cesarean. The level of risk varied, how-
ever, among racial/ethnic groups. Chronic
diabetes appears to be a more serious risk
for Hispanic women (AOR=2.86) than for
other women, whereas gestational diabetes
posed a similar risk across racial/ethnic sub-
groups (adjusted odds ratios ranged from
1.23 to 1.55).

In the full model (not shown here), chronic
hypertension, pregnancy-induced hyperten-
sion, and preeclampsia together appeared to
pose greater risks of a primary cesarean for
Blacks than for other women.

Preterm Birth by Racial/Ethnic Group
Table 4 also presents summary results for

the regressions predicting preterm birth. The
diabetic conditions significantly increased the
risk of a preterm birth for women in all 4
subgroups. The chronic form of diabetes ap-

peared to pose greater risks for all women
than the pregnancy-induced disorder, with
the level of risk varying across the 4 groups.
Although the increased risk of a preterm birth
for Black women with chronic diabetes was
1.99, the increased risk for Hispanic women
with the same condition was 3.43.

In the full model (not shown), preeclampsia
presented the greatest increased risk of a pre-
term birth for Whites compared with other
women.

LBW by Racial/Ethnic Group
A summary of the results of the logistic

regressions predicting LBW (2500 g or less)
is also presented in Table 4. Chronic dia-
betes showed more consistent increased
risks for an LBW birth than the gestational
condition. This condition posed the greatest
increase in risk for Asian women (AOR=
2.28). On the other hand, for 2 of the
groups, Whites and Asians, gestational dia-
betes was not even a significant predictor
of LBW. And for Blacks and Hispanics, ges-
tational diabetes even appeared to lessen
the risk of an LBW infant (AOR=0.81 and
AOR=0.71).

As with the lower risk of LBW related to
obesity and excess weight gain, the pattern
found in Table 4 for gestational diabetes
and LBW may be related to the positive
association diabetes has with macrosomia.

DISCUSSION

Chronic diabetes and gestational diabetes
were both significant, independent risk factors
for a primary cesarean delivery and for pre-
term birth in all the racial/ethnic groups stud-
ied. Interestingly, the increased risk for an
LBW birth conferred by either form of dia-
betes varied considerably among the 4 racial/
ethnic groups studied, a finding that has not
been clear in prior research. Likewise, al-
though both weight measures—overweight or
obesity and excess weight gain—were signifi-
cant predictors of primary cesarean delivery
for all racial/ethnic groups, each measure’s
effect on preterm birth and LBW varied by
subgroup. Our results are similar to those of
other researchers who found that maternal
obesity and weight gain were independent
risk factors for some adverse pregnancy out-
comes (including cesarean delivery) beyond
the risks conferred by pregestational and ges-
tational diabetes.8,33

Our analyses suggest that diabetes and ex-
cess weight can adversely affect pregnancy
and birth outcomes through 2 different
causal paths and that the interplay of these
risk factors may operate differently within
each racial/ethnic group. One path through
which diabetes and excess weight affect preg-
nancy and birth outcomes is through their
contribution to the development of
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preeclampsia, which can trigger the preterm
delivery of an LBW baby, often by cesarean
delivery.22 The second path is through the in-
creased risk of a macrosomic infant. Preg-
nancy with a macrosomic infant often leads
to labor dystocia, which can lead to an ele-
vated cesarean delivery rate. To avoid a trau-
matic birth and possible injury, physicians
are more likely to deliver a baby by cesarean
delivery at or near term if a macrosomic in-
fant is suspected. Evidence of these 2 alter-
native paths outside the United States was
found in a recent Chinese study in which
women with impaired glucose tolerance were
at higher risk for both preterm births and
macrosomia.11 As further evidence of these
divergent paths, the highest cesarean rates in
our population were found for babies weigh-
ing 500 to 1999 g and for those weighing
4000 g and greater.

Overweight and obese mothers, and those
with excessive weight gain, have higher risks
for preeclampsia, which in turn increases the
risk for both preterm birth and LBW. How-
ever, there were many obese women for
whom there was little or no overlap with
other conditions, and thus they were more
likely to be at an increased risk for a macro-
somic infant. This second profile underlies
the seemingly “protective” effect of over-
weight, obesity, and excessive weight gain in
the logistic regressions (see the results for all
women in Table 3).

Unfortunately, the vital statistics files used
for this study have limitations, including un-
even and invalid reporting. Although prior
research has found that maternal reports of
prepregnancy weight are consistent with clini-
cal record data,34 analysis of birth certificate
data in New York State (excluding New York
City) found that the accuracy of birth certifi-
cate data for other variables is mixed.35 Al-
though the sensitivities for method of delivery
and birthweight were 98% and 100%, re-
spectively, the sensitivities for chronic hyper-
tension and preexisting diabetes were 0%
and 50%, respectively, suggesting that cau-
tion should be used. Sensitivity was higher
for medical risk in pregnancy, including gesta-
tional diabetes (83%), pregnancy-related hy-
pertension (72%), and preeclampsia (62%).35

A similar study of low-risk pregnancies in
Washington State found very low sensitivity

for chronic hypertension (7.3%) but higher
sensitivity for diabetes (52%).36

The birth certificate data are limited to live
births, so we could not evaluate the associa-
tion between our independent risk factors and
miscarriage or stillbirth. Further, although the
postoperative complications of cesarean deliv-
ery, including infection, operative injury, or
extended hospital confinement, are related to
the mother’s obesity, we could not follow
these adverse outcomes after a birth.37–42

Finally, although preterm and LBW babies
are at greater risk for morbidity and mortality
early in their lives, again we could not mea-
sure these outcomes with the birth file.

Our analysis confirms findings from the
National Health and Nutrition Examination
Survey indicating that non-Hispanic Black
women in their childbearing years are signifi-
cantly more likely to be obese than are other
women.27 It also parallels the findings from
another study in a large city that showed that
obesity was most common among Black
women and that among these women it in-
creased the most over time.43 Black women
in our population were much more likely to
be overweight or obese than were women in
any other racial/ethnic group. Also, more
than 1 in 5 of the Black women in our New
York City population gained excess weight
during pregnancy. Another study of Black
women in New York City found that those
who were overweight or obese before preg-
nancy had the highest weight gain and re-
tained on average 20 pounds postpartum.44

Numerous studies have shown that weight
gain during pregnancy puts a woman at
greater risk of excess weight before her next
pregnancy and throughout her lifetime.45–49

Our finding that Asian women compared
with others have a relatively high rate of
chronic diabetes (0.4%) and a very high rate
of gestational diabetes (6.6%) is consistent
with a number of other studies performed in
the United States and abroad.7,50–52 Because
Asians were less likely to be overweight or
obese before pregnancy, and less likely to
have excessive weight gain during preg-
nancy, early diabetes diagnosis and careful
metabolic control for diabetic Asian mothers
may be more important than weight control
as preventive measures to improve their
birth outcomes.

We recommend that although careful mon-
itoring of diabetes during pregnancy can im-
prove pregnancy outcomes for diabetic
women, the longer-term public health ap-
proach should be to prevent type 2 diabetes
and gestational diabetes by controlling
women’s weight over their lifetimes. Preg-
nancy and the postpartum period can be seen
as a window of opportunity, or a “teachable
moment,”53 during which women are more
open to counseling about the risks of being
overweight or obese and more likely to make
behavioral changes that will improve their
health for many years to come. As recom-
mended by other researchers, we suggest that
lifestyle changes in nutrition and exercise be
promoted by all primary care providers, in-
cluding obstetricians, to avoid overweight and
obesity during the childbearing years.37,38,44,54

For women who have gestational diabetes,
this strategy may be particularly crucial after
delivery in order to prevent the development
of type 2 diabetes later in life.46 Counseling
for women with diabetes mellitus or obesity is
also critical to minimize the risk to the fetus
in the next pregnancy.
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